






U S. GEOLOGICAL SURVEY PROFESSIONAL PAPER 104 PLATE XV 

A. 

B. 
PHOTOMICROGRAPHS OF CONTACT BETWEE OXIDIZED AND UNOXIDIZED PORTIONS OF 

SPECIMEN SHOWN I PLATE XIV, A. 

A was taken in ordinary light and B in polarized li g-ht. In the unoxidized half, as shown at the left in A, small 
pyrite crystals abound; in the oxidized half the uon occms as finely divided oxide, though the spaces originally 
occupied by pyrite are still recogni zable. B shows that the oxidation banding is in a general way independent 
of the original rock textme. It will be noted, however, that very li ttle iron oxide has developed in the 
phenocrysts. 
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Agar a gar 

A B 

A . 

B. 
LIESEGANG RINGS OF FERROUS AND FERRIC HYDROXIDES DEVELOPED I AGAR AGAR BY 

DIFFUSION FROM OPPOSITE ENDS OF TUBES OF IRON SULPHATES AND SODIUM HYDROXIDE. 

A. After 17 days. A iB the first and B the second ring formed. 
B. After one month. Most of the rings were ferrous hydroxide, but in the late stages, when the iron solution 

had oxidized, rings of ferric hydroxide were developed at A. 
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O~IDAT~ON BANDING IN WALL ROCKS. 

A feature of no economic importance but of 
some scientific interest is the regularly banded 
distribution of hydrous oxides of iron in certain 
of the wall rocks. This feature is especially 
well shown in· material from the dump of the 
Valley View shaft, and most of the specimens 
studied were fro1n that source. Similar band
ing was noted in place in the walls of the South 
vein, Desert Queen mine, at a .depth of about 
500 feet. · 

· The agents producing this banding evidently 
gained access to the wall rock through frac
tures and from then1 permeated. the rock. Po
lygonal blocks bcmnded by fractures show com
pletely concentric structures such. as are illus...: 
trated in Plate XIII, .. B. 
T~e iron oxides appear to have be01Y derived 

fr01n the oxidation of pyrite, for in many speci
mens cores carrying abundn,nt disseminated 
grains of pyrite remain. · This is: true of the 
speci1nen illustrated in Plate XIV, A, the light
colored, unba;nded portion carrying. abundant 
pyrite grains. Plate XV shows photomicro
graphs taken at the jU?ction of the oxidized 
and unoxidized areas. Plate XV, A, taken 
in ordinary light, shows the scattered crys-. 
tals of pyri to (black) in the unoxidized por
tio~ and irregular blotches of iron oxide, prob-· 
ably amorphous, in the oxidized portion. In 
tho oxidized portion are visible several voids 
co~responding in size and shape to the pyrite 
crystals and evidently representing their former 
presence. Plate Xy, B, gives tho appearance 
of tho· samo field in polarized light" and shows 
that the oxidation banding ·is independent of 
the original texture of the rock.. · 

Quartz v:einlets that traverse tho rock were 
at first believed to· be later tha~ the banding, 
but closer study leads to the conclusion that 
they were earli~r. In places they haNe had 
surprisingly little influence on the course of the 
oxidation bands. Near some very late frac
tures the iron oxides have been leached. 

A very interesting example of oxidation band
ing in fine-grained felsite from the vicinity of 
the North Star shaft is shown in Plate XIV, B. 
The senior writer w:as at· first inclined to in
terpret this as a "development" by oxidation 
processes of a banded distribution of pyrite or 
ferruginous carbonates produced during hydro-

. thermal metamorphism; microscopic study 

shows, however, that the position of the bands 
of iron oxide is· wholly.independen.t of the distri
bution of the pyrite from which it was plainly 
derived. 

It has -been suggested by A. C. Spencer that 
the banding is the result of alternate wetting 
and drying during many seasons. This ex
~lanation has inuch to recommend it in a region 
hke Tonopah, where cyclonic storms are mainly 
confined to the winter months, the remainder of 
the year being rainless except for occasional 
showers. Furthermore, occasional dryip.g per
mitting access "of ·air would appear to be neces
sary fo~ the oxidation of the pyrite. 

The p9ssibility of the development of such 
oxidation banding by diffusion processes anal-. 
ogous to the formation of the so-called Liese
gang rings has been pointed o:u t by Liesegang 1 

and unquestionably merits serious considera
tion, although the progress of such processes 
must necessarily have been modified by alter
nations of wet and dry p~riods. In this con
nection two experiments carried out by the 
writers :may be of interest. 

In the first experiment the central portion of 
a straight glass tube about half an inch in in
ternal diameter ~as filled with a solution of 
agar agar in water. This was retained in place 
by a wad of cotton until it hardened. After 
the agar agar had set to a firm jelly. a soluti~~ 
of N /20 ferric ·sulphate was placed i~ one end 
. of the tube a1.1d a solution of N/16 sodium 
hydroxide in the other end; the ends were then · 
corked and sealed. After two days a faint. 
brown band of ferric hydroxide had developed 
at the point .marked A in Plate XVI, A. At 
the end of another two days the band A had 
not moved but was b~tter defined and a new 
band of ferrous hydroxide (green) had devel
oped at the point marked B. By the succes
sive formation of new bands shown from left · 

. ' 
t9 right in Plate XVI, A (from Fe2 (S04) 3 toward 
NaOH), the_ tube at the end of 17 days pre~ 
sen ted the appearance shown in the illustration. 
~ands,onc~ formed did not shift appreciably. 
The agar agar appears to have exerted a re
ducing-influence on the ferric sulphate, so that 
:r:nost of the rings were of ferrous hydroxide 
instead of ferric hydroxide as was expected: · · 
· In a second experiment the agar agar was· 
placed in the lower part of a U tube; · sodi~m 

1 Liesegang, R. E., Geologische Difiusionen, pp. 106-116, 1913. 



46 GENESIS OF 'JHE ORES AT T'ONOPAFJ;; NEV. 

hydroxide was placed 'above. it in one arm and 
ferrous· hydroxide in ·the other. The appear-: 
ance at the end of one month is shown in Plate 
XVI, B. Most of the rings were green, but 
those last formed, at the point marked A, were 
brown, evidently because of oxidation of the 
iron-bearing solution by.the air. 

Rings were also produced in compacted filter 
paper under conditions similar to those of the. 
first· experiment. 

ANALYSES OF ORE, BULLION, ETC. 

The following analyses, published by Mr. A. 
·H. J<?nes a and inserted here with hi~ permis
sion, have significanoo Ul indicating ~he pres
ence of certau1 elements, notal:>ly selenium. 
whose p~esence is not apparent fron1 a min:eral
ogic exan1mation, and u1 showing that certau1 
others, such as nickel and ·cobalt, which are 
characteristic of some silver deposits, are prob
ably absent. For comparison· the analysis by 
Hillebrand publishe9. in Spurr's report b is 
included. 

Analyses of Tonopah ores, concentrates,_ bullion, etc. 

1 2 . 3 4 5. 

----'------;-----------
Si02 ••••• __ ••• -... 72. 00 15. 18 . . . . . . . 5. 50 . ~"'- ... 
Al20 3 ••• - ... _-- .. • • • 42 . ·. . . . . . . 0. 42 2. 00 
CaO................ 3.10 ·3. 70 . 80 .10 
MgO............... 2. 95 1. 49 ....... Trace. 
QaC03 ••••• ~ • • • • • • • • • • • • • • • • • • • • • • •••• ~ • 3. 60 
CO;:.-..... . . . . . . . . . . . . . . . . . 6. 34 ................... . 
Naul and KCL.... . . . . . . . . . • . . . . . . . . . . . l. 00 ..... . 
FeSO 4 • • • • • • • • • • • • • • • • • • • • • • • • • • •. • • • • • • • • 26 ..... . 
Fe.. . . . . . . . . . . .. . . 2. 10 9. 87 29. 80 ............ . 
Mn. . . . . . . . . . . . . . . l. 60 l. 36 1. 10 ......... · ... . 
Cu....... . . . . . . . . . . . l. 09 l. 32 . 60 , 2. 10 l. 02 
NiandCo ......... None.--------------- ............. . 
Pb. . . . . . . . . . . . . . . . 1. 50 6. 21 1. 30 2. 36 2. 41 
Zn ................. 3.00 5.84 .60 4.70_ .06 
Cd ................. None ... : ........... 1.00 ..... . 
As ......... · .. _..... 1.'race. . 19 .... · .... : . ......... . 
Sb .......... _ . . . . . . 10 . 92 ................... . 
Bi... . . . . . . . . . . . . . None. . _ ......................... . 
-8. . . . . . . . . . . .. .. . . 2. 60 Not det 31. 60 . . • . . . . . 17 
Se. . . . . . . . . . . . . . . . · . 20 2. 56 . . . . . . . l. 40 1. 80 
Te ................ Trace. 'None .......... .' ......... . 
Au................. .06 -82 } 1.60 74.23 93.23 
Ag ................. - . 4. 88 25. 92 . 
Undetermined . . . . c 4. 40 · .. . . . . . l. 58 d 1.15 · b1. 31 
Insoluble ......................... 30.60 ............ .. 

100. 00 81. 72 100. 00 100. 00 100. 00 

a ~y difference,_ mainly Na, K, and combined H20. 
b By difference. 
c Jones, A. H. (superintendent of mills. Tonopah Belmo:.J.t Develop

ment Co,), The Tonopah plant of the Belmont :Milling Co.: Am. Inst. 
Min. Eng. Trans., vol. 52, pp. 1731-1738, 1916. 

d Spurr, J. E., Geology of the Tonopah mining district, Nev.: U.· S. 
Geol. Survey Prof. Paper 42, p. 89, 1905. 

l. Analysis hy A. H. Jones of piece ·of rich silver ore 
·from Belmont mine; exact location in mine unkn.own. 

2. Analysis by W. F. Hillebrand, in the laboratory of 
the United States Geological Survey, of sulphides sepa
rated bycrushingand panning from sample of rich sulphide · 
ore from Montana vein at depths of 460 to 512 feet in Mon
tana Tonopah mine. 

3. Partial analysis by A. H. Jones of concentrates from 
Belmont mill. 

4. Analysis by A. H. Jones of zinc box precipitate, Bel
mont mill. 

5. Analysis by A. H. Jones Of bullion, Beimont mill. 

. The cadmiUm. shown in analysis 4 very possi
bly represents a· concentration ·of cadmium· 
occurring as ·an impurity in the zinc used for 
precipitatio~. It is noteworthy that the ratio 
of gold to selenium is very nearly the sarne in 
both analyses 1 and 2. 

IDENTIFICATION OF METALLIC MINERALS IN 
POLISHED SECTIONS. 

Some of the. methods of identification of nlin
erals in polished section that were used in. these 
studies may ·include a- few new points of pos
sible service to other students of or~ ~eposits. 

Whenever possible_ small fragments of tlie 
mineral to be identified were chipped from the 
edges o'f the polished specimen with a stout 
needle or very sharp steel prod and tested 
be~ore the blowpipe or in a wet way. .. ' 
· Needles of .several sizes mounted in .the ends 
of wooden penholders were found very· useful 
as prods for_ testing the hardness, streak, sec
tility, etc., of min~rals. 

.-Most reagents for tarnishing the minerals can 
be convenien.tly applied on a strip of· blotting 
paper about half an inch wide and 3 inches long. 
One end of this strip is moistened with the 
reag~nt a~d is ru~bed lightly back and f~rth 
over. the polished surface of the mineral, ·the 
progress of the tarnishing being watclied under 
the low or moderate powers- of the microscope 
and checked at the desired stage by .simply rub
bing with the dry end. of the biotti;ng paper. 

. Reactions aiding in the identification of cer
tain minerals are the following: 
. The bright silvery luster of. galena in pol

ished sections, its lead-gray streak, and the 
development of triangular pits due to . the· tear
ing out of inverted pyrarnids of galena between 
the three sets of cleavage planes during polish
ing (see, for example, Pl. VII, B.) have usually 
been considered sufficient to identify it. The 
~!iters· discovered, however, that another min-
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eral, probably a lead-silver sulphide, also pos-~ of the ore obtained in the past and of some 
sesses these characteristics. It w.as found that ore now remaining is unquestionably due in 
the twocouldbedifferentiatedbytreatmentwith. part to these processes. . 
ordin~ry commercial hych·ogen. peroxide (H20 2). 2. There is evidence not only of recent 
l'hisreagenttarnishesgalenabrownbutdoesnot oxidation of the ores but also of at least one 
affect ti1e supposed lead-silversulphide or any of· period of ancient oxidation, an~ supergene 
the other silver minerals with which galena is sulphide enrichment was ·probably an accom
comnlonly associated. It is therefore a reagent ·paniment of each of these periods. 
of great utility in studyirig the relations between -3. The rich silver or~s now being mined at 
galena and associated s~lver minerals. The tar- Tonopah are ~r~bably in th~ main of hypogene 
nishit produces on galena appears slowly, can be or pnmary opg1n. . 
quickly checked, and can be easily re1noved by 4. Mining has shown that in certain veins 
a little polishing with rouge on a bit of cotton. the primary .sulphides become less abundant 

The polished surfaces of.argentite usu~lly ap- with increasing depth, though the same species 
pear slightly "rougher" under the microscope are present; mere increase in depth tnay account 
thnn most of the other sulphides with which it for this change in some veins, for every vein· 
is associated except pyrite; this feature is w:ell .n1ust finally end in <;lepth as well as laterally; in 
shown in Plate III, B. Pricking with a fine ·many veins change in :wall rock has· been· at 
needle reveals its soft sectile char~cter. It is least a contributing factor. The veins devel
unaffected by hydrogen peroxide and silver ni- oped by other d.E}ep workings are heavily miner
trate but is rapidly tarnished brown by satu'- alized and of high grade, and the geologic evi
rated n1ercuric chloride solution. deuce· is ·favorable to the persistence of rich 

Polybasite is brittle and gives a black streak. primary silver ores to depths considerably 
Its polished surfaces are ·unaffected by hych·o- greater than those yet attained in the mining · 
gen peroxide but are tarnished reddish brown operations. 
by silver nitrate solution and rapidly tarnished Although hot ascending waters· are encoun
brown by satm·ated n1ercuric chloride solution. tered in a number of the deeper workings, 

Pyrargyrite is b1~ittle and gives a r!3d streak.· there. is little evidence that these waters are 
It is unaffected by hydrogen peroxide but is now depositing ores ... 

REFERENCES. 
tnrnished brown by· silver nitrate solution, 
tho,ugh much more slowly than polybasite. 
Short treatment with saturated mercuric chlo-
ride solution tarnishes it pale brownish yellow; The following list gives the nwre important 
potybasite by the same treatment is tarnished ~ublications on the Tonopah dist~ict: 
a pronounced brown. The polybasite shown in BuRGEss, J. A., The geology of the producing p::..i·t.of the 
Plate IV, B, has been differentiated from the Tonopah mining dish:ict: Econ .. .§t:)<;>logy, vol. 4, PP· 

681-712, 1909. 
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Before treatn1ent.the two minerals were hardly at Tonopah, Nev.: Econ. Geology, vol. 6, . .pp. 18-21, · 
distinguishable from each other: 1911. 
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SUMMARY OF MORE IMPORTANT CONCLUSIONS. . . 

1. The hypogene or primary ores have been 
modified in places by oxidation and enrich,_ 
ment through the· agency of the air and· 
oxygenated solutions originating at. or near 
the surfnce. The high silver content· of n1uch 

SPURR, J. E., Geology of the Tonopah mining district, 
Nev.: U.S. Geol. Surv.ey Prof. Paper 42, 1905. 

-- Report on the geology of the property of the Mon
tana.Tonopah Mining Co., Tonopah, Nev., published 

· by the company, 1910. Abstract in Min: and Sci. 
Press, vol. 102~ pp. 56Q-562, 1911. . 

--Geology and ore deposits at Tonopah, Nev.: Econ. 
Geology., '\rol. 10, pp. 713-769, 1915. 
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